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DESIGN OF ELECTRIC MACHINE 
STATOR INCLUDING KEYBARS 

Background of Invention 

[0001] The invention relates generally to electric machine stators. 

[0002] Stators of large electric machines, especially generators, are typically built with a 
standard number of keybars and two flanges. One flange is positioned at each end to 
mechanically couple the keybars and support the stator. The number of the keybars 
and sizes of the keybars and the flanges are designed mainly for meeting mechanical 
requirements of the stator. 

[0003] For mechanical stability, keybars generally comprise magnetic or non-magnetic 
steel or steel alloys. Such materials are electrically conductive. Due to the keybars 
being situated in the vicinity of magnetic fields and being electrically conductive, 
adverse electromagnetic effects result and limit electric machine rating and 
performance. 

[0004] Keybar voltage restricts the stator yoke (back iron) flux density. The main cause of 
keybar voltage is leakage flux that spills behind the stator core outer surface. If 
electromagnetic effects of the keybars can be reduced, electrical design engineers 
would have more freedom and fewer restrictions to further optimize the machine and 
thus be able to reduce the machine cost without sacrificing efficiency and reliability in 
a safe manner. 

[0005] It would therefore be desirable to reduce keybar voltages in electric machines (and 
thus reduce adverse electromagnetic effects) without compromising the integrity of 
the electric machines. 
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Summary of Invention 

[0006] Briefly, in accordance with one embodiment of the present invention, keybar 
voltages in electric machines are reduced by electromagnetically optimizing the 
positioning of the keybars with respect to stator (armature) winding phase belts, the 
selection of the number of keybars, the selection of the number of stator slots, and/or 
the direction of rotation of a rotor with respect to the stator. 

Brief Description of Drawings 

[0007] The features of the invention believed to be novel are set forth with particularity in 
the appended claims. The invention itself, however, both as to organization and 
method of operation, together with further objects and advantages thereof, may best 
be understood by reference to the following description taken in conjunction with the 
accompanying drawings, where like numerals represent like components, in which: 

p| [0008] F/Cs. 1 and 2 are side (radial-axial plane) and cross-sectional (radial-peripheral 
fjll plane) views of a conventional electric machine with a keybar and flange system. 

[0009] F/G J is a block diagram illustrating an embodiment wherein alternative keybar 
I positions are available. 

■;[" ;j 

|j Detailed Description 

p [0010] FIGs. 1 and 2 are side (radial-axial plane) and cross-sectional (radial-peripheral 

plane) views of a conventional electric machine 1 0 including a rotor 1 8 and a stator 1 6 
including a stator flange 14, stator lamination 24 layer segments 26 (hereinafter 
referred to as 'lamination segments") coupled to a stator frame 40 and section plates 
38 by keybars 1 2, and stator winding 20 phase belts 28 and 30 within stator slots 22 
of the lamination segments. In the embodiment of FIG. 2, phase belt 28 corresponds 
to a phase belt for outer winding layer 20, and phase belt 30 corresponds to a phase 
belt for inner winding layer 21 . 

[0011] 

The influence of the number of keybars, the stator winding phase belt span 
(dependent on the number of stator slots, the number of magnetic poles, and the 
number of phases), and relative locations on electromagnetic interactions (keybar 
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voltages, for example) is complex, and operating point or load dependent. 
Conventional stator fabrication techniques and design methods have not 
contemplated or attempted to correlate these relations. 

[001 2] In one embodiment of the present invention, a method for designing stator 1 6 
comprises determining electromagnetic effects of adjusting positions of the keybars 
with respect to positions of the phase belts, and selecting a position of the keybars 
with respect to a position of the phase belts which provides minimal adverse 
electromagnetic effects (meaning less adverse electromagnetic effects as compared 
with the other position(s)) from phenomena such as keybar voltage, for example. 

[001 3] The determination of the electromagnetic effects may be made by simulation in a 
computer (not shown) or by physical testing. In embodiments wherein computer 
simulation is selected, advanced analytical methods such as time stepping finite 
elements with rotation permit a designer to quantitatively determine the subtle effects 
of relative locations of the keybars with respect to the phase belts on keybar voltages 
for a given load. The designer can then choose the positioning that minimizes the 
keybar voltages with the result being an optimized and more reliable machine design. 
"Designing" may occur either before the stator is fabricated or in a retrofit 
environment. If it is determined by using an embodiment of the present invention that 
another position of the phase belts would be advantageous, connections to the stator 
winding layers can be shifted accordingly. 

[001 4] This embodiment can be used to reduce keybar voltages without the need for any 
physical changes in the machine and hence will have no adverse impact on all other 
design considerations. Also, by reducing the keybar voltages, this embodiment 
reduces the keybar currents through threaded and surface contacts between the 
keybars and the flanges, both electrically high resistance materials, and thus reduces 
the potential for arcing and pitting. 

[001 5] FIG, J is a block diagram illustrating an embodiment wherein alternative keybar 
positions are available. For simplicity of illustration, the stator slots 22 are shown in 
linear form rather than curved form, and only three of the six phase belts of the outer 
winding layer are illustrated. 
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[001 6] The embodiment of FIG. 3 is for a two pole electric machine with 54 stator slots. 
The number of stator slots 22 per phase belt 28 can be calculated by dividing the 
number of stator slots by the number of phases and by the number of poles. In other 
words, for a three phase two pole 54 stator slot machine, the number of stator slots 
per phase belt is 9 (54/(3*2)). The number of lamination segments 26 (and 
corresponding keybars 1 2 shown in FIG. 2) is generally an industry standard for 
conventional manufacturing techniques. Machines with 54 stator slots, for example, 
typically comprise 1 8 lamination segments and 1 8 keybars. Thus, there is one keybar 
for every three stator slots (54/1 8 = 3). 

[001 7] As can be seen in FIG. 3, two different keybar position options 32 and 34 
(represented by x's) result. In a first option 32, keybars are positioned to be in 
alignment with the first, fourth, and seventh stator slots of each phase belt 28. In a 
second option 34, keybars are positioned to be in alignment with the second, fifth, 
and eight stator slots of each phase belt. 

[001 8] In some electric machines with predefined numbers of stator slots and keybars, 
the keybars are balanced such that changing position of the keybars is not expected 
to have a change in the electromagnetic effect. In other words, there may not exist 
any alternate relative positions for keybars with respect to the stator phase belts. 

[001 9] For new machines or machines where there is some flexibility, another 

embodiment of the present invention is to determine electromagnetic effects of 
adjusting the number of keybars and to select a number of the keybars which 
provides minimal adverse electromagnetic effects. This keybar number embodiment 
may be used separately from or in conjunction with the above-discussed keybar 
position embodiment. 

[0020] In one example, some stators having 42 stator slots use 14 lamination segments 
whereas others use 21 lamination segments. The two alternatives can be compared to 
determine electromagnetic effects and arrive at a preferred design provided that other 
design aspects are not compromised. 



[0021] 



In still another embodiment, which may be used separately or in combination with 
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either or both of the above embodiments, electromagnetic effects are determined 
based on the number of stator slots (or, in other words, the stator phase belt span), 
and the number of the stator slots is selected which provides minimal adverse 
electromagnetic effects. 

[0022] In any of the above embodiments, it is to be understood that non-electromagnetic 
restrictions many affect the overall machine design. For example, for a given 
generator, the largest lamination segment that can be stamped would put a lower 
limit on the number of keybars. 

[0023] Another factor which can be used in evaluating design options is whether 
changing the direction of rotation of a rotor in the resulting machine results in 
different electromagnetic effects. One reason such effects might differ is that phase 
belts 28 and 30 of outer and inner winding layers 20 and 2 1 are typically offset as can 
be seen in FIG. 1 , for example, which illustrates "short pitching" the stator winding 
layers to reduce harmonics. In this embodiment, a method for operating electric 
machine 1 0 of FIG. 1 comprises selecting a direction of rotation of rotor 1 8 which 
provides minimal adverse electromagnetic effects on the keybars 12. 

[0024] When multiple embodiments are used in combination, a particular machine can be 
designed by evaluating physical constraints and reviewing options to arrive at a 
design which collectively minimizes electromagnetic effects. 

[0025] While only certain features of the invention have been illustrated and described 
herein, many modifications and changes will occur to those skilled in the art. It is, 
therefore, to be understood that the appended claims are intended to cover all such 
modifications and changes as fall within the true spirit of the invention. 
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